In this paper, we propose a design for a personalized medication management system model MyMediMan that provides medication information for different stakeholders. The focus of the paper is on the system's features and personalized information provided for the consumers as primary users of the proposed solution. The presented design introduces the consumers to different aspects of the medications they take and their overall health condition. The personalized information should increase the consumers' awareness about the positive benefits of taking the medications as well as the consequences that particular medication can have on their health condition. By obtaining this information, the consumers will be aware of various medications' characteristics and different ways to improve their health, and thus be more actively involved in their healthcare. Abstract: In this paper, we propose a design for a personalized medication management system model MyMediMan that provides medication information for different stakeholders. The focus of the paper is on the system's features and personalized information provided for the consumers as primary users of the proposed solution. The presented design introduces the consumers to different aspects of the medications they take and their overall health condition. The personalized information should increase the consumers' awareness about the positive benefits of taking the medications as well as the consequences that particular medication can have on their health condition. By obtaining this information, the consumers will be aware of various medications' characteristics and different ways to improve their health, and thus be more actively involved in their healthcare.
Introduction
Today, we are seeing increased interest towards the adoption and application of information technology (IT). One of the fields in which the introduction of IT is rapidly developing is healthcare. Providing health information online and online health education could supplement face-to-face health education to patients [1, 2] .
Medication management has been identified as an important factor in chronic disease management. Consumers need to be well-informed regarding their medication and to understand their disease management [3] . Not knowing the importance of taking regular medication and forgetting to take the medication as prescribed leads to non-adherence to medication. Non-adherence is recognized as one of the major problems in health care [4] . Therefore, providing medication information and reminding consumers regarding their medication through information technology will assist patients suffering from chronic diseases with their medication management [3] .
With computers becoming increasingly ubiquitous and embedded, persuasive technology gain access to areas where human persuaders would not be welcomed or are physically unable to go [5] . The intention of the persuasive technology is to design the technology for the purpose of guiding the user towards an attitude or behaviour change [6] . Persuasive technologies should be adaptive and personalized, so the successful development of adaptive persuasive systems requires a combination of design, social science, and technology [7] . Personalization or computer tailoring refers to the adaptation of the output of a persuasive technology to the individual [8] . Therefore, to create personalized persuasive technology, it is necessary to be able to estimate the susceptibility of a person to different persuasive strategies [9] .
The focus of this paper is on providing medications' information for consumers and the way that information can be personalized. Although there are different definitions for personalization [5, 6, 10, 11] , in this study we consider personalization as an assemblage of customization and tailoring. Tailoring refers to the presentation of the information to the user, and customization as the way the user interacts with the system. In addition, the personalization of the system depends on the data and information gathered for and from the user.
All identified features for providing effective and personalized information are incorporated into a new, more dynamic design for a medication management system MyMediMan. In the presented model, we use the persuasive technology in order to enhance the education of patients on healthcare and medicines, extend the expert knowledge about medications, and inform users about the latest developments in the pharmaceutical industry. The information presented to the consumer are personalized according to his/her medications, health condition and age. The main goal of the MyMediMan is to increase health literacy by introducing a different aspect of medications and thus to support consumer self-efficiency.
Background
Osborn et al. [12] noted that information is the prerequisite for the health behaviour change. Therefore, a relevant knowledge related to medication is needed for medication adherence by consumers [12] . Users need to know the medication information such as its role in the treatment, side effect and benefits. Hence, providing medication information is first and foremost important for the medication management applications.
Blom [10] defines personalization as a process that changes the functionality, interface, information content, or distinctiveness of a system in order to increase its personal relevance to an individual. This process includes the system and the user, and both sides can initialize the personalization.
In the framework for Persuasive Systems Design (PSD) [11] , "tailoring" and "personalization" are identified as persuasive features of primary task support category. In this context, tailoring provides tailored information for a group of users and personalization offers personalized content and services for individual users. According to Dijkstra [8] , personalization or computer-tailoring acknowledges differences between individuals and refers to the adaptation of the output of a persuasive technology to the individual.
Kaptein et al. [7] present two distinct methods, explicit and implicit, for personalization of the systems and applications. According to them, questionnaires, such as meta-judgmental measures, in which the users express their own traits, can be used for explicit personalization. On the other hand, implicit personalization can be based on behavioural responses, so the system can adapt to the users' personal needs based on the user's interactions with the system.
A type of explicit personalization is covered in [13] . Lee et al. [13] propose a reflective approach to personalization that helps people realize what matters to them and create personalized services that work best for them. The aim of this approach is to influence the ways of designing personalized environments, thus the users are active participants that have the power to create their own personalized solutions.
Tara [14] consider information tailoring as equivalent to "infomediation" which refers to any mediation activities that reshape an original information package for maximum usability and influence on the destined users. Therefore, the tailored information should attract users' greater attention, greater comprehension, greater likelihood of discussion of content with others, a greater change in cognitive behavioural mediating constructs addressed by the content, and a greater likelihood of behavioural change [15] .
Similarly, message tailoring is the process of individualizing communication content based on user's characteristics such as name, gender, race/ethnicity and information related to his/her behaviour [16] . Providing health communication messages tailored according to the individual characteristics could increase the effectiveness of patient education [17] . Tailored information can be provided to patients as feedback and reminders [18] , "tailored recommendations" [19] , or tailored interactive text encouragements [8] .
Related Work
There are many of systems and applications for medication management. Granger et al. [20] developed "Digital Drag and Drop Pillbox" (D-3 Pillbox). This solution uses skill-based learning to advance medication education not only by addressing what to take but also eliciting the patients' input and participation in why, how, and when to take a medication. According to this research, using an e-tablet and the patient's own medication list is a feasible solution for patients with chronic illness in teaching medication self-management.
The main features of "Medication Assistant" [21] are the alerts for medication intake, the visualization of information of each medication and the advice service that allows users to obtain information about what to do in case of forgetting to take a medication. In order to facilitate the access by older adults, the application allows interaction by speech and touch. The aim of "Medication Assistant" is to lower the non-adherence to medication, by helping the people with medication management.
The goal of the study of Martin-Hammond et al. in [22] is to understand and explore technology features that may be beneficial for older adults. For that purpose, the authors design an interface for over the counter (OTC) medication decision-making tool. The results of this study showed that older adults found features of the prototype supportive for assisting with OTC decision-making. However, there is still a need for a more flexible design with different information, personalization and navigation preferences.
To better understand the current persuasive systems design features of available medication management information systems, Win et al. [23] conducted a literature review. According to their results, the principle of personalization is presented only in three out of thirteen reviewed articles. The personalized features included information regarding medication taking records, adherence performance and reminder messages.
Besides the solutions presented in [20] [21] [22] , there are several papers that propose the integration of medication management systems with electronic health record and prescription systems [24, 25] . However, all these systems mostly focus on medication adherence (medication regime) with features like reminders and alarms. Some of them introduce medication information, but usually, that information is limited to the users' prescribed medications. The missing strand in all of these is the personalization of the medications' information and additional readings.
Unlike the previously reviewed applications/systems, the solution presented in this paper (MyMediMan) offers information about different medication, health and education tips, as well as information regarding the ongoing trials and research in pharmaceutical industry. Furthermore, the information presented to the user is personalized based on the consumer's age and diagnosis.
Designing Personalized System Model for Medication Management
The presented system model MyMediMan uses information technologies in order to gather data and provide personalized information needed by the consumers. In the context of the proposed design, personalization is used for tailoring information and educational contents presented to the consumers. Thus, MyMediMan encourages the users to be informed, effectively manage their medicines and actively participate in their own healthcare.
Interview Results
The personalization of the system depends on the quantity of data and information gathered for and from the consumers. Even though the systems' policies ensure the maximum protection of private data, the users usually do not feel confident to store personal data in the information systems.
In order to explore the user's opinion regarding the need for personalization of the medication management systems and the personal information the consumers are willing to store into the system, we conducted interviews with 41 participants (Table 1) . The interviews were conducted with 20 male and 21 female participants. The participants were from different backgrounds. Twenty-four participants had solid IT knowledge, and 17 participants had a health education background. The majority of participants, 39 out of 41, were within the age group of 21-30. Only 2 out of 41 participants are within the age group of 31-40. The interviews were focused on the features that the medication management system should include in order to better satisfy the users' needs ( Table 1) .
Most of the participants (72.7%) pointed out the importance of personalization. According to their opinions, medication management system should include user profiles created with user's registration. User profile should store personal data like age and diagnosis. Also, the system should allow users' previous searches to be stored. Based on the personal information and previous searches stored in the user's profile, customization of the system's interface and resources should be done. In total, 27% of the participants proposed a multilingual system support or text-to-speech option, as additional personalization of the system. Almost the same percentage (72%) of the participants stressed that the system should have a good interface that allows better Human-Computer Interaction (HCI). This interaction should provide diverse search options. One of the features of the systems should be searching for different medicines and educational materials throughout an advanced search by diagnosis, disease symptoms or keywords. Also, the medications' information should include multimedia contents (pictures, graphs, video, etc.). According to the participants' opinion, visual elements make the system more attractive and acceptable for the users.
Over 63% of the participants emphasized the need for information and experience exchange between users in the form of forums, blogs and social media (Facebook, Twitter, etc.). In this context, the participants focused on the possibility the users to contact with and raise questions to the professionals-medical doctors or pharmacists.
Some of the participants (27%) highlighted the importance of privacy and underlined that all privacy issues must be covered with policies. They stressed some characteristics that will strengthen the users' trust in the system. According to the interviewed participants, the system must have a safety certificate; the system should evidently display the statement of confidentiality; and the system needs to present the (authorization of) information source for the presented content.
MyMediMan Overview
In the proposed Personalized System Model for Medication Management MyMediMan (Figure 1) , three stakeholders are distinguished: consumers, pharmacists, and pharmaceutical industries. Furthermore, the information is classified into four categories: Medication Info, Health Insights, Educational Tips, and News. The Medication Info contains general information about medications, their usage and dosage, as well as information about medication's contraindications, precautions and side effects. Additional information about conditions when the medication cannot be used, substitution and refill for the given medication are also part of the Medication Info. Health Insights and Educational Tips contain multimedia contents (newsletters, presentations, video, etc.) related to health. Health Insights consists of different contents about food supplements, diets, and physical activities that are important for people with a specific health condition. Educational Tips includes educational contents related to particular health condition. The News consists of information about the latest ongoing trials with new medications and research in the field of the pharmaceutical industry. All three stakeholders, regarding their needs, can use the system in different ways. The consumers can search and obtain information related to the medications they are using. They can also gain additional knowledge about different medications and ways to improve their health condition. For additional information regarding their point of interest, the consumers can use the educational tips or news provided by the system.
The pharmacists are a very important loop in the system. They provide expert knowledge about medication, health, and educational tips. Also, they can use the system to gain information about the latest development in the pharmaceutical industry.
The pharmaceutical industries provide information about their latest achievements: ongoing trials and research. By sharing the information and the latest news from the pharmaceutical area with the community, the pharmacists and the pharmaceutical industry can easily access clients and get information about their concerns and needs. On the other hand, having access to the latest information regarding the pharmaceutical achievements, strengthens the connection and trust between the consumers and pharmacists/pharmaceutical industry.
Since personalization depends on the amount of personal information, in the proposed design it is limited to consumer's diagnosis, health condition and age. The consumers can retrieve the general information about their medication, its contraindications, precautions, and side effects. Also, they can gain personalized information regarding their health condition, tips about food supplements, diet, physical activities, and educational contents. All this information is tailored-based on the consumer diagnosis and age. For example, personalized information can help the consumer to be more aware regarding his/her health conditions, and consider food supplements (or diet) and activities that can help him/her to better manage and improve their health.
In order to have access to the features and personalized information of the MyMediMan (presented on Figure 2 ), the consumers need to register in the system. By creating their user profile, the consumers can save their latest search and read suggested contents. Also, the consumers can subscribe and receive the category of the information they choose (Health insights, Educational tips or News) by e-mail.
Several additional steps toward personalization of the proposed design will underpin and emphasize the consumer's role as a major actor in their own healthcare. The system should be deployed in several different languages. It will allow consumers to read the contents in their own language and thus better understand the information. An option for text-to-speech should also be implemented into the solution. As the number of users increases, more information can be gathered. This information can be used for better prediction and more accurate suggestions regarding the Health Insights and Educational Tips presented to the consumer. For this purpose, a recommendation algorithm for personalized suggestions about helpful multimedia contents can be incorporated. In line with the concerns related to the privacy of the users and unauthorized advice, at this stage, no forum, chat or social media is incorporated into the design. In addition, the users are encouraged to seek professional advice for any concerns regarding their health condition.
Use Case Scenarios
The consumer can use the system in many ways. A general use case scenario is shown in the diagram on Figure 3 .
In order to use the system, the consumer should register into it. During registration, the consumer inputs his/her name, surname, age, diagnosis (if applicable), e-mail, username and password. When the data is confirmed, the consumer is automatically logged into the system. If the consumer is already registered into the system, (s)he inputs his/her username and password. The system is running the process of authentication where the provided username and password are compared to those stored in the system. If the credentials match, the consumer is logged into the system. Otherwise, the system sends a message that the access is not granted and consumer needs to put the correct username and password. The processes of registration and authentication will use different algorithms and encryption techniques that will secure consumers' data privacy. The information presented to the consumer, after successful login to the system, is personalized based on the consumer's profile. The process of personalization will use filtering techniques and recommendation algorithms to customize presented information. All the health insights, educational tips and news presented on the home screen are personalized taking into account the consumer's age and diagnosis. The last 5 searches that the consumer has previously conducted are presented on the home screen.
With the search option, the consumer can look for information about particular medication using the name or generic name of that medication. Information regarding usage, dosage, contraindications, precautions, side effects, when not to use, substitution and refill of the medication are displayed in a new page (window). Additionally, below this information, news (provided by pharmaceutical industries) related to the searched medication is displayed.
At the end, the consumer should log out of the system.
Use Case Scenario 1
Mr. Brown registers into MyMediMan and inputs his/her name, surname, age, diagnosis, e-mail, username and password. He has diabetes. After successful registration, Mr. Brown is logged into the system and the user interface is updated. On the home screen are presented links to articles and other web pages that contain information about diets and physical activities that are appropriate for people with diabetes in his age group. In addition, there are tips for educational materials that provide convenient information about diabetes as a condition and how it can be managed. Several links related to the new trials and research from the pharmaceutical industries are also shown on the home screen. Since this is his first login, there is no information about his previous searches.
Educational materials for diabetes are very interesting and helpful for Mr. Brown. He wants to be informed about his condition and the ways he could manage it. He is making a subscription to receive the educational tips by e-mail. Mr. Brown logs out. Every week he receives an e-mail (from MyMediMan) with new links for educational materials related to diabetes.
Use Case Scenario 2
Mr. Brown is already registered in MyMediMan. He is using his username and password to log in. The home page displays health insights, educational tips and news based on his diagnosis and age group. Mr. Brown wants to read some information about the new medication the doctor prescribed him. He chooses the search option and inputs "metformin". In a new page, the system presents information about "metformin" (usage, dosage, contraindications, precautions, side effects, when it cannot be used, substitution and refill). After this information, links to articles regarding ongoing trials and research relevant to this medication are displayed. Mr. Brown does not have enough time to read all that information. He logs out.
After few days, Mr. Brown logins into MyMediMan. Besides all health insights, educational tips and news based on his diagnosis and age group, in the previous searches section is a link to his "metformin" search. Mr. Brown clicks on the link and new page with information about this medication is displayed. Mr. Brown continues with his reading.
Conclusions and Future Work
The main goal of the presented design is to introduce the consumers to different aspects of the medications they take and their overall health condition. By obtaining this information, the consumers will be aware of various medications' characteristics and different ways to improve their health, thus be more actively involved in their healthcare.
The information about medications should increase the consumers' consciousness towards the positive benefits of taking the medications. In addition, consumers should be aware of the consequences that particular medication can have on their health condition. Health insights and Educational Tips are offering various multimedia contents that are closely connected with different medications and conditions. This information allows the consumers to learn more about diverse medical conditions and ways of improving them. News from the pharmaceutical industry is a good starting point for widening consumers' perception of the process of medication development. This should strengthen the consumer confidence in medications and the entire pharmaceutical industry.
MyMediMan incorporates only core functionality of the medication management system, focusing on the personalization of the information presented to the consumer. The presented design can be broadened with additional modules that support medication adherence (like monitoring consumers' intake and generating reminders) and include medical personnel as an information provider and as a stakeholder of the system. The presented study is only a research in progress in the field of personalization of medication management systems. The model is limited because it is based only on the opinion of the consumers and did not include any viewpoints of the other stakeholders. However, MyMediMan is a good base for implementation of the test (pilot) system that can be further expanded with additional features. An extensive evaluation that will include all stakeholders and assess different aspects of the presented system model MyMediMan is also one of the planned future developments of this study. Future research is needed for gathering evaluation results that will be analysed in order to determine the personal information that the users are willing to input in the medication management system, identify the personalized features needed, as well as personalized features acceptable by all stakeholders of the system.
